ABSTRACT: Current study aimed to evaluate the performance of bulls (1/2 Purunã vs 1/2 Canchim) slaughtered at two ages and three different weights. One hundred and thirteen bulls were divided into two slaughter ages (16 and 22 months) and three different slaughter weights (light, 422 kg; medium, 470 kg; and heavy, 550 kg). The body weight was higher for bulls slaughtered at 16 months. Daily gain, carcass weight and dressing were higher for bulls slaughtered at 16 months. Feed intake was higher for bulls slaughtered at 22 months although feed efficiency was better for bulls slaughtered at 16 months. Carcass characteristics were better for bulls slaughtered at 16 months. The percentages of muscle, fat and bone and meat characteristics were similar between two slaughter ages. Feed intake and animal performance was lower for lighter animals. Feed conversion and carcass dressing were similar in the three slaughter weights. Muscle percentage was higher for heavier animals but fat and bone percentages were lower. Slaughter weight had no effect on meat characteristics.
INTRODUCTION
In Brazil 90% of beef production is generally carried out with animals from Zebu origin, finished in pasture system, castrated and slaughtered between 30 and 42 months of age (ANUALPEC, 2014) . Meat quality from these animals is lower in comparison to that from animals of European origin and slaughtered at a younger age (Ito et al., 2010; Ito et al., 2012; Maggioni et al., 2012) . Currently several tools are used to improve the beef meat quality, for example, crossbreeding between Zebu and European breeds, finishing non-castrated animals, slaughter of young animals and finishing the animals in a feedlot system (Abrahão et al., 2005; Maggioni et al., 2009) .
On the other hand, the beef market in Brazil requires a carcass between 225 to 250 kg with minimum 3 mm fat thickness (FAT) and good conformation. In fact, the production of young bulls has been the subject of interest from researchers and producers. Ito et al. (2010) and Ito et al. (2012) showed that bulls finished at 14 months are more efficient when compared to bulls slaughtered at 24 months of age. There are important differences in carcass characteristics between the two categories when they are slaughtered with similar carcass weight, with the exception of carcass yield which is higher in younger animals . Young animals are more valued for their meat quality (Ito et al., 2010; Kuss et al., 2010) . The slaughter of animals with high weight determines a change in animal performance, feed efficiency and carcass characteristics ). Thus, the slaughter weight is highly important in feedlots due to costs and final product quality. However, a finishing system that enables the animal to gain around 1.4 to 1.6 kg/d is required to slaughter animals with high weight. Thus, feedlot systems are an alternative, albeit an expensive one (Dian et al., 2010; Silva et al., 2010) . Crossbred animals have greatest potential for weight gain in feedlots (Prado et al., 2008a; Rotta et al., 2009; Prado et al., 2011) .
The current analysis evaluates the performance of young bulls (1/2 Purunã vs 1/2 Canchim) slaughtered at 16 or 22 months old, with three different body weights (BW) (light, 422 kg; medium, 470; heavy, 520 kg) .
MATERIALS AND METHODS

Animals, housing and diets
The experiment was approved by the Department of Animal Science of the State University of Maringá (CIOMS/OMS, 1985) and was conducted at the Experimental Station of the Paraná Agronomic Institute (IAPAR) in Ponta Grossa, Paraná, Brazil.
One hundred and thirteen crossbred bulls 1/2 Purunã vs 1/2 Canchim were used in a factorial design (two ages, 16 months old, M16 and 22 months old, M22) and three slaughter weights (light, 422; medium, 470; heavy, 550 kg) .
Calves in treatments M16 and M22 from birth to the age of 90 days were kept with cows grazing on winter pasture (Hemarthria altissima). After early weaning (90 days of age), the calves were kept on the same pasture with additional supplementation of concentrate (1.5 kg/animal/ day of a mixture with 25% soybean meal+73% ground corn+2% mineral salt) during the winter period. Bulls in treatment M16 were fed in collective pens and transferred to individual feedlots on the 12th month of age where they remained for four months and at 16 months of age were slaughtered while bulls of M22 on 16th month of age were transferred to individual feedlots where they remained for another six months and at 22 months were slaughtered. In M16 treatment, 22 bulls were slaughtered with light BW; 20 with medium BW; 20 with heavy BW. In M22 treatment, 18 bulls were slaughtered with light BW; 16 with medium BW; 17 with heavy BW.
Bulls were weighted and then distributed into six treatments. They were allocated into individual pens (8 m   2 for each animal) within a feedlot system. The bulls' BW was recorded monthly whilst intake of concentrate and corn silage was recorded daily, until the end of the experiment when the bulls were slaughtered. All diets were formulated as iso-nitrogenous. The bulls were fed ad libitum twice a day (08:00 and 15:00 h) on concentrate and corn silage in separate troughs. The concentrate intake was fixed in 1.2% of BW and adjusted every 28 days. The diet formulation and quantity supplied were designed to provide a weight gain of 1.4 kg/d, according to NRC (2000) estimates.
Nutrients and diets analyses
Analytical dry matter (DM) content of oven-dried samples was determined by drying at 135°C for 3 h by method 930.15 (AOAC, 1998) . The organic matter content was calculated as the difference between DM content and ash content. Ash was determined by using combustion at 550°C for 5 h. Nitrogen content in the samples was determined by method 976.05 (AOAC, 1998) . The neutral detergent fiber (NDF) and acid detergent fiber contents were determined using the methods described by Van Soest et al. (1991) with heat stable alpha-amylase for solubilization of the amylaceous compounds (Mertens, 2002) and sodium sulfite in NDF procedure. Contents are expressed inclusive of residual ash. Samples were analyzed at the Laboratory of Feed Analyses and Animal Nutrition of the State University of Maringá (Table 1) .
Performance, feed intake and feed efficiency
To evaluate animal performance, bulls were weighed after fasting from solid food for a period of 16 hours at the beginning of the experimental period and thereafter at 21-day intervals. The daily feed intake was estimated by the difference between supplied feed and refusals in the trough. Refused feed represented 5% of the total. During the collection period, samples of the supplied feed and refused feed were collected and a representative composite sample was drafted per animal in each diet for analysis. Dry matter conversion (DMC) was calculated by the following equations DMC = (dry matter intake [DMI]/daily average gain).
Carcass characteristics measurements
Bulls were slaughtered according to industrial practices in Brazil at a commercial slaughterhouse 10 km from the Ponta Grossa Research Farm. Carcasses were chilled for 24 h at 4°C. After chilling, the right side of the carcass was used to determine quantitative characteristics. Hot carcass weight (HCW) was determined soon after slaughter and prior to carcass chilling. Hot carcass dressing (HCD) is the percentage of individual animal dressing and is defined by ratio HCW:BW. Carcass length (CAL) was measured from the skull board to the pubic bone on the anterior side of the first rib. Leg length (LEL) was evaluated with a wooden compass with metallic edges that measured the distance from the anterior border of the pubis bone to a middle point on the tarsus bone.
Cushion thickness (CUT) was determined with a wooden compass with metallic edges that measured the distance between the lateral face and the median at the superior part of the cushion. The cushion is the flat muscle (Biceps femoris). Carcass conformation (CONF) was determined after excluding FAT where the highest value indicated the best conformation. The CONF may be superior, very good, good, regular, poor or inferior; ratings may also be reported as plus, average and minus.
Muscle, fat and bone were physically separated from the Longissimus muscle (LM) section, which corresponded to the 10th, 11th, and 12th ribs, and individually weighed according to Hankins and Howe (1946) , as follows: % M = 6.292+0.910 X 1 , % F = 1.526+ 0.913 X 2 , and % B = 2.117+0.860 X 3 , in which X 1 , X 2 , and X 3 represent muscle (MP), fat (FP), and bone (BP) percentages, respectively.
Meat characteristics measurements
Longissimus muscle area (LMA) was measured on the right side of the carcass, after a cross-section cut was made between the 12th and 13th ribs by a compensating planimeter that measured the areas of irregular shaped objects. LMA/100 kg carcass (LMC) is defined by the ratio LMA:HCW, multiplied by 100. The FAT was measured by a caliper, between the 12th and 13th ribs, over the LM, with a three-point measure average. Marbling was measured in LM between the 12th and 13th ribs, following scores used in Brazilian slaughterhouse (18 to 16, abundant; 15 to 13, moderate; 12 to 10, mean; 9 to 7, small; 6 to 4, light; 3 to 1, traces). Texture (TEX) was determined by fascicle size (muscular "grain" size) and evaluated subjectively on a point scale (very fine, 5; fine, 4; slightly, 3; coarse, 2; very coarse, 1).
Coloration was evaluated according to a point scale 30 minutes after a cross-sectional cut was made on the LM between the 12th and 13th ribs (cherry red, 5; red, 4; slightly red, 3; dark red, 2; dark, 1). Color was analyzed after a 24-hour carcass chilling in the LM.
Statistics analyses
Bulls were distributed in a complete randomized design by a 2×3 factorial scheme, comprising two slaughter ages (16 and 22 months) and three slaughter weights (light, 422 kg; medium, 470 kg; heavy, 520 kg). Results were submitted to analysis of variance and means were compared by Tukey's test using SAS (2004), according to the following model: Y ij = μ+S i +P j +S i ×P j +e ij ; where Y ij = observation of the animal undergoing treatment i and j; μ = constant overall; S i = effect of the finishing system i; i = 1 or 2; P j = effect of slaughter weight j; j = 1, 2, or 3, S i ×P j = interaction termination system x slaughter weight and e ij = random error associated with each observation Y ij .
RESULTS AND DISCUSSION
Data analysis found no interaction between slaughter age (16, M16 or 22, M22 months) and slaughter weight (light, medium or heavy), dates were presented and discussed as principal effects.
Age effect
Feed intake (dry matter intake [DMI] , crude protein intake [CPI] , neutral detergent fiber intake [NDFI]) kg/animal/d was similar (p>0.05) for bulls from M16 and M22 treatments ( Table 2) . Average of DMI, CPI, and NDFI were 10.2, 1.22, and 3.55 kg/animal/d. DMI and CPI were above the rates observed for bulls finished in feedlot. The DMI and CPI were generally between 6 to 8 kg/animal/d and 0.9 to 1.1 kg/animal/d for bulls finished in feedlot and fed on adequate level of protein and energy for obtained all the requirements for gain of 1.4 kg/d (NRC, 2000) . High DMI and CPI could be explained by young bulls requiring high protein and energy during puberty (NRC, 2000) . The DMI and NDFI in relation to the BW were similar (p>0.05) between bulls from M16 and M22 treatments. DMI and NDFI averages were 2.75% and 0.96% of BW. The DMI in relation to BW is generally between 2.0% and 2.5% of BW (Prado et al., 2000; Maggioni et al., 2009; Pinto et al., 2009) . High DMI could be explained by diet quality, high average daily gain (ADG), animal age and animal requirements and low NDFI in the diet. Feed intake is actually controlled by NDFI (Forbes, 1988) . According to Mertens (1994) and Maggioni et al. (2009) , NDFI below 1.2% of BW does not interfere in DMI. The NDFI in current analysis was 0.96% of BW.
The DMC (kg DM/kg BW) was better (p<0.01) for M16 bulls when compared to M22 treatment ones. This was likely due to the bulls from M16 treatment being younger than those from M22 treatment and younger animals have better feed efficiency (Hocquette et al., 2007) . Furthermore, bulls from M16 treatment had greater ADG. Cattle which exhibit high weight gain have a better feed efficiency since there is a positive correlation between weight gain and feed efficiency (Hocquette et al., 2007) .
The initial live weight (ILW) was not similar (p<0.05) between bulls from M16 and M22 treatments when the light bulls were slaughtered (Table 2) .
Lower ILW in bulls from M16 treatment was determined by younger age at the start of the feedlot period. Bulls from M16 treatment started in feedlot 12 months after birth while bulls from M22 treatment began in the feedlot at 16 months old. Although the ages were different, the difference between the bulls from M16 and M22 treatments was only 23 kg. In fact, the difference was small because bulls in M16 were kept in a collective feedlot for two months before the start of the experiment and were fed on a diet with high energy and protein density when compared to bulls from M22 treatment. The bulls from M22 treatment were kept on a pasture system of Hermathria altissima prior to the experiment.
The final live weight (FLW) was similar (p>0.05) for bulls from M16 and M22 treatments although ILW was higher in bulls from M22 treatments. Whereas bulls from M16 treatment were kept in feedlot for 120 days, the bulls from M22 treatment were kept in feedlot for 180 days. Therefore, similar FLW was due to a longer feedlot period collective to bulls from M16 treatment prior to the start of the experimental period.
Bulls from M16 treatment had greater (p<0.01) ADG than bulls from M22 treatment (Table 2) regardless of weight at slaughter. High slaughter ADG rate in bulls from M16 treatment may be due to longer feedlot period and also to lower age when compared to bulls from M22 treatment. As a rule, young bulls have higher ADG when compared to older bulls (López-Campos et al., 2012) . Higher ADG in young bulls is generally due to the greater muscle deposition during the puberty phase when compared to old bulls which would be depositing more adipose tissue. The muscle deposition in puberty phase is determined by hormone activity such as growth hormone (Lunstra et al., 1978; Lee et al., 1990) .
Although FLW was similar in bulls at different slaughter ages, the HCW was greater (p<0.05) in bulls from M16 treatment (Table 2) . High HCW in M16 treatment bulls is due to the greater carcass dressing for the animals.
The HCD was higher (p<0.05) in bulls from M16 treatment ( Table 2 ). Higher HCD in bulls from M16 treatment may be explained by their lower slaughter age (16 months) in comparison to the slaughter age of bulls from M22 (22 months). Young bulls show high HCD caused by frame, rumen fill, CONF and feedlot period (Ito et al., 2010; Arboitte et al., 2012) .
The CALs and LELs were higher (p<0.01) for bulls from M22 treatment M22 than for bulls from M16 treatment ( Table 2 ). This may be related to the animals' greater age and consequently greater body development. Genetics and nutrition have a smaller influence on these traits than does the animals age .
Slaughter age had no influence (p>0.05) on CUT and CONF (Table 2 ). According to the scale of points used for carcass classification, the average scores assigned ranks as good quality carcass which may be explained by slaughter age, weight and genetic quality of the animals. In general, carcasses from crossbred animals (Zebu and European) have good conformation carcass (Prado et al., 2008a, b) .
The muscle, fat and bone percentages were similar (p> 0.05) for bulls from two different ages at slaughter ( Table 2 ). The muscle, fat and bone percentages were 61%, 24%, and 15%, respectively. Crossbred bulls finished in feedlot and fed on high protein and high energy density diets had between 55% and 65% muscle, 15% to 25% fat and 15% to 18% bone. Thus, rates in current study agree with rates reported in the literature ). The total LMA was greater (p<0.01) for bulls from M16 treatment (Table 2) . However, Longissumus muscle related to BW was similar (p>0.05) for bulls from M16 and M22. The same was reported for subcutaneous FAT. Rates for muscle Longissimus area are close to those in other studies with crossbred bulls finished in feedlot ). The subcutaneous FAT present on bulls in current study (4.1 mm) is within the ideal rate range for beef cattle on the Brazilian market.
Age at slaughter had no effect (p>0.05) on meat color and texture (Table 2 ). According to the rating scale used in current study, meat could be classified as red for color and thin for texture. In general, Zebu and European cross-breed bulls produce meat that meets the requirements of the beef market in Brazil. However, meat marbling was better (p<0.05) for bulls slaughtered at 22 months of age ( Table 2 ). The marbling fat is the last fat to be deposited on animal meat. Thus, older animals had a longer time for fat deposition. Since marbling is an important feature in meat quality, it is related to tenderness and juiciness. Bulls finished over a longer time on a diet with a high protein percentage and high energy density and slaughtered at an older age generally have higher fat marbling ).
Slaughter weight effect
Daily feed intake (DMI, CP, and NDF) was higher (p>0.05) in bulls slaughtered at medium and heavy weights compared to bulls slaughtered at light weight (Table 3) . Crossbred bulls finished in feedlot with diets containing 12% CP and 72% total nutrient digestible generally present a DMI ranging between 7 to 10 kg/d (Maggioni et al., 2009; Dian et al., 2010) .
DMI as a function of BW was similar (p>0.05) for bulls slaughtered with light, medium and heavy weights. DMI (2.7%/BW) is above the recommended value for crossbred bulls finished in feedlot and fed on a high protein and density energy diet (NRC, 2000) . The DMI is regulated by NDFI (Forbes, 1988; Mertens, 1994; Maggioni et al., 2009) . In current study, NDFI was 0.96% of BW. The DMI is reduced when NDFI is above 1.2% of BW (Forbes, 1988; Mertens, 1994; Maggioni et al., 2009) . The DMC was similar (p>0.05) for bulls slaughtered at three different weights (Table 3 ). The mean DMC rate was 5.63 kg of DM for 1.0 kg of BW gain. Feed conversion was similar to that reported by Maggioni et al. (2009) . The DMC in current research may be considered normal for young bulls finished in feedlot and fed on a diet with high energy density. In general, young bulls finished without food restriction have good feed conversion (Dian et al., 2010) .
According to bulls' distribution in current experiment, ILW was lower in light bulls; intermediate in medium bulls and higher in heavy bulls (Table 3) . Similarly, FLW was lower in light bulls, intermediate in medium bulls and higher in heavy bulls. Reported differences in ILW and FLW were due to the bulls' weight at the beginning of feedlot. In general, heavier bulls at the start of feedlot were also heavier at the end.
The ADG was lower (p<0.05) for light bulls than for medium and heavy ones (Table 3) . However, there was no effect (p>0.05) on ADG between bulls with medium and heavy weights (Table 3) . Lowest ADG in light bulls may be due to their genetic potential because all the animals were of a similar age. The ADG was 1.40 kg and may be considered low for the animal category (young bulls fed on high protein and energy density, derived from cross-breeds Zebu and European). As a rule, bulls from this category have ADG between 1.6 and 2.0 kg. Low ADG gain could be explained by the long feed lot period (120 days for bulls from M16 treatment and 180 days for bulls from M22 treatment). The ADG is reduced significantly with the feedlot time.
The HCW was greater (p<0.05) in heavy bulls when compared to medium and light weight ones (Table 3 ). Yet, HCW from bulls slaughtered with medium weight was greater (p<0.01) when compared to HCW from light bulls. The differences among treatments for HCW may be explained by different slaughter weights.
The HCD was similar (p>0.05) among bulls from three slaughter weights (Table 3 ) with a 54.5% average. The HCD is close to rates reported by (Prado et al., 2008a, b; Rotta et al., 2009) in crossbred bulls and finished in similar feedlot conditions. The CAL, LEL, and CUT rates were greater (p<0.01) in heavy bulls; intermediate in medium bulls and smaller in light bulls. Likewise, CONF was better (p<0.01) in heavy bulls, intermediate for medium bulls and lower in light bulls (Table 3) . These physical characteristics are determined by weigh of animals at slaughter. Reported data in current study are normal for different laughter weight for the three animal categories.
Heavy weight bulls at slaughter have higher (p<0.05) muscle percentage when compared to light and medium weight bulls at slaughter. Better muscle capacity in comparison to bulls' medium and light weights at slaughter is representative by their respective frame. Animals of the same genetic group and maintained under the same rearing conditions may have distinct characteristics for animal individuality. A high proportion of muscle in the carcass, above 62%, is explained by the age at slaughter and density protein on diets (12%). According Berg and Walters (1983) the tissues compositions could be associated with animal growing and different stages of body formations. Pacheco et al. (2005) observed higher muscle percentage (60.3% vs 66.5%) on meat quality of young bulls slaughtered at 23 than 15 months old.
Fat and bone percentages were higher (p<0.05) for light and medium weight bulls at slaughter than for heavy bulls (Table 3) . Light and medium bulls demonstrated a higher fat percentage in relation to heavy bulls. According to Ito et al. (2012) the animal weight could be related with the stages of tissue formations. Therefore, heavy bulls at slaughter were late in deposited fat tissues in relation to light and medium bulls at slaughter. Ito et al. (2010) observed higher fat percentage (23.6% vs 20.0%) on LM of young bulls slaughtered at 18 and 24 months old. The bulls' bone percentage is below the rates observed in young cattle and crossbred feedlot (Dian et al., 2010) . However, bone is only a small percentage at slaughter and in the cattle with a high weight gain. In fact, low bone percentage is desirable in carcass cattle.
The LMA was high (p<0.05) in heavy bulls, intermediate in medium bulls and small in light bulls at slaughter (Table 3) . A greater LM may be due to the high carcass weight and great muscularity in heavy bulls. Maggioni et al., 2012) observed that increasing weight at slaughter increased LM. However, when LM per 100 kg BW was assessed, the high (p<0.05) LM was observed for light bulls at slaughter, intermediate for medium bulls and low in heavy bulls at slaughter. The higher LM/100 kg BW observed in light cattle could be explained by increased deposition of muscle that occurred in lighter animals. According to the animals' physiological growth, muscle tissue is deposited before the adipose tissue, and therefore lighter animals have higher deposition of muscle, whereas higher fat deposition occurs in heavier animals.
The FAT, color, texture and marbling were not affected (p>0.05) by different weights at slaughter (Table 3) . Reported rates for the three slaughter weights are in accordance with market requirements in Brazil. The meat was classified red for color, light for marbling and thin for texture, following scale used in current study.
CONCLUSION
In the current investigation bulls were slaughtered at two life stages; 16 and 22 months old, with three different BW; 422, 470, and 550 kg. Results were different for the two bulls groups. With regard to the slaughter age, bulls slaughtered younger (16 months) showed higher animal performance, better feed efficiency and carcass yield. However, a lower age at slaughter had no negative effect on carcass and meat characteristics. Thus, younger age at slaughter (16 months) would have a better cost-benefit ratio due to a younger age at slaughter and lower production costs. On the other hand, bulls slaughtered at 470 kg or 550 kg BW showed better performance when compared to bulls slaughtered at 422 kg BW. Carcass characteristics were better for heavier bulls, although meat characteristics were similar for all three animal groups. Thus, the lowest weight at slaughter had no negative influence on the meat's qualitative aspects. Consequently, the best slaughter weight for Bos taurus and Bos indicus crossbred bulls is between 470 and 550 kg.
